The cellular fatty acid composition of 20 isolates of Neisseria gonorrhoeae and 21 isolates of N. meningitidis was examined by gas-liquid chromatography. Each isolate of the two species possessed similar fatty acid profiles which were characterized by five major acids, accounting for 80 to 85% of the total. The three most abundant acids in each species were palmitic, palmitoleic, and f3-hydroxylauric acids; lauric and myristic acids were the next most abundant. The presence of large amounts of f3-hydroxylauric acid (20% or greater) and the relative concentrations of the other four major acids appear to be useful markers for distinguishing N. gonorrhoeae and N. meningitidis fatty acids from those of other bacteria.
No extensive studies of the cellular fatty acids of Neisseria gonorrhoeae have been made. Only one strain of this species was examined by Yamakawa and Ueta (12) in their study of the monosaccharide and fatty acid composition of seven species of Neisseria. A lipopolysaccharide endotoxin which contained glucose, galactose, glucosamine, and 28% lipid was isolated from one strain of N. gonorrhoeae (9) . However, determinations of the individual fatty acid(s) comprising the lipid moiety were not made.
In an earlier study from this laboratory (6), the cellular fatty acids of 53 strains representing nine species of Neisseria, but not including N. gonorrhoeae, were examined by gas-liquid chromatography (GLC). With the exception of N. catarrhalis, these species had similar fatty acid profiles which were characterized by relatively large amounts of lauric, myristic, palmitic, and palmitoleic acids. In addition, an unidentified compound was found in relatively large amounts (approximately 15% of total fatty acids) in the fatty acid extract of each species. The present report describes the identification ofthis unknown compound as ,B-hydroxylauric acid and reports its occurrence in several isolates of N. gonorrhoeae and N. meningitidis.
MATERIALS AND METHODS
Microorganisms. The isolates used in this study were obtained from diverse geographical locations. They were identified by oxidase and carbohydrate fermentations, Gram Units, National Communicable Disease Center (NCDC).
Growth media and cultural procedures for fatty acid studies. The medium employed for production of cells for fatty acid study was GC medium base (Difco) with 1% defined supplement (GCBDS). The composition of the defined supplement was described earlier (11) . Each isolate was streaked onto 10 plates (100 by 15 mm) of GCBDS medium and incubated for 18 hr at 36 C under CO2. Cells were washed from the plates with 0.85% NaCl solution, centrifuged, and washed two additional times with the saline solution.
Extraction procedure and derivative formation. The washed cells were saponified, and acidic components were extracted and methylated by the procedures described previously (7) . The State College, Pa.); the other column contained 1% OV-17 methyl phenyl silicone coated on 80/100 mesh high performance Chromosorb G (Regis Chemical Co., Chicago, Ill.). Operating parameters for this instrument were: injection temperature, 285 C; detector temperature, 300 C; carrier gas, helium. For analysis of methyl esters and TMS derivatives of methyl esters on the SE-30 columns, the column temperature was maintained at 130 C for 4 min and then programmed to 210 C at 6.5 C per min.
Samples were also analyzed with a Barber-Colman model 5000 instrument equipped with a hydrogen flame detector and a disc integrator recorder. This instrument contained a 6-ft (1.83-meter) and an 8- I retention time 9 min). Since this compound was present in relatively large amounts (approximately 20% of the total area), our initial efforts were directed toward its identification.
Our preliminary data indicated that the compound was a fatty acid, because it was not detected by GLC until the acid extract was methylated. Moreover, the compound appeared to be of cellular origin, because it was not detected in spent growth media or from saponified uninoculated control media. An indication that the unidentified fatty acid methyl ester contained a polar functional group was suggested by its behavior on polar-phase GLC columns. Its retention time on both EGS and TCEPE (polar-phase) columns was greater than the retention times of methyl myristate and methyl palmitate. On the basis of the above information, it was felt that the unknown compound was a hydroxy fatty acid of 12 to 14 carbons in length. Therefore, standards of various hydroxy fatty acids were obtained for comparative purposes. a-Hydroxylauric and myristic acid standards were purchased from commercial sources (Applied Science Laboratories); /3-hydroxylauric and myristic acids were supplied through the courtesy of Archie Swindell of Duke University. Each of these acids was methylated and analyzed by GLC on the SE-30 column. Each of the four standards was well separated on this column. There was a 30-sec difference in retention times between the a and ,3 isomers of hydroxylauric acid and a 20-sec difference between the a and ,B isomers of hydroxymyristic acid. The retention time of the /3-hydroxylauric acid standard was identical to the retention time of the unknown fatty acid from N. gonorrhoeae.
Further studies to confirm that the unknown compound was ,B-hydroxylauric acid were done by comparing GLC retention times of the bacterial methyl esters to the standard on other types of stationary-phase coated columns. In addition, the hydroxyl group of f3-hydroxylauric acid methyl ester was converted to the TMS derivative, thereby forming a double derivative of the acid. These derivatives were then analyzed on polar (TCEPE, EGS), nonpolar (SE-30), and moderately polar (OV-17) columns. Table 1 shows that, on each of the four columns, the methyl ester of the unknown compound had a retention time identical to that of standard f,-hydroxylauric acid methyl ester. In addition, the double derivative (methyl ester plus TMS) of the unknown compound and ,8-hydroxylauric acid gave identical retention times when analyzed on SE-30, TCEPE, and EGS columns (Table 1) . These retention time data with both single and double derivatives analyzed on different types of GLC stationary-phase materials indicate strongly that the unknown compound from N. gonorrhoeae was ,B-hydroxylauric acid. Identification was confirmed by comparing mass spectra of the unknown methyl ester with that of authentic /3-hydroxylauric acid methyl ester (LKB model 9000 gas chromatograph-mass spectrometer).
Cellular fatty acids of N. gonorrhoeae. After the unknown compound was identified, determinations were made of the cellular fatty acids of a number of isolates of N. gonorrhoeae ( Table 2) .
Each of the 20 isolates tested had similar fatty acid profiles which were characterized by four major acids. Palmitic, palmitoleic, and ,B-hydroxylauric acids were the three most abundant acids and were generally present in nearly equal amounts (mean values of 19, 22, and 22%, respectively). The next most abundant acid was lauric (mean of 15%). These four acids made up (#-hydroxylauric and myristic acids. Each of these acids was present in relatively small amounts (2% or less). Stearic and longer chain acids were detected in most isolates, but these were present only in small amounts (mean of 1%, each). Decanoic acid was detected in some isolates, but in no case was the concentration greater than 1 %. The presence of,-hydroxylauric acid at concentrations of 20% or greater in each isolate was of particular interest, since it was used as a "marker" of the cellular fatty acids of this organism.
Ceillar fatty acids of N. meningitidis. Twentyone isolates of N. meningitidis were examined for cellular fatty acids after growth on GCBDS medium. The results in Table 3 show that the fatty acid composition of this species was essentially identical to that of N. gonorrhoeae. The major acids which were present in N. gonorrhoeae were likewise present in largest concentrations in these isolates. The relative amounts of the other acids were also quite similar in the two species. The average value for the major acids from the 21 isolates tested were: ,B-hydroxylauric, 25%; palmitoleic, 18%; palmitic, 15%; lauric, 14%; and myristic, 11 %. These five acids accounted for approximately 80 to 85% of the total cellular fatty acids of N. meningitidis. Relatively large amounts of /3-hydroxylauric acid were found in each of the 21 isolates: 13 contained from 20 to 25%, 6 contained from 26 to 30%, and two contained from 31 to 35%. N. meningitidis isolates grown in Trypticase Soy Broth (BBL) had a fatty acid composition similar to that of cells grown in GCBDS medium except that they had slightly lower concentrations of ,B-hydroxylauric acid (6; unpublished data). DISCUSSION It is important to mention some observations made during the course of this study regarding ,B-hydroxylauric acid. We found that the methyl Table 2. ester of this acid was completely destroyed when analyzed by GLC with metal columns. The destructive effects were traced directly to the metal column by using identical conditions of gas chromatography (instrument, stationary phase, etc.) and substituting a metal for a glass column. The destruction on metal columns was observed for both the standard hydroxy-acid ester and the hydroxy-acid ester from bacterial cells. Partial destruction of the ester was noted also on glass columns which had become "dirty" around the injection port after long use. It is apparent that proper selection and maintenance of columns are prerequisites for accurate GLC analysis of hydroxy fatty acids. We also noted that ,B-hydroxylauric acid was not removed from cells by a 3-hr continuous extraction (Soxhlet) with chloroform-methanol (70:30, v/v). Under the same conditions, other cellular acids of N. gonorrhoeae were completely removed with the exception of trace amounts of laurate. Subsequent saponification or acid hydrolysis of the chloroform-methanol extracted cells liberated 8-hydroxylauric acid. Similar observations were made on a "lipid A" preparation from N. meningitidis (supplied by Dan Iver, University of Southern California) in which we found major amounts of j3-hydroxylauric acid, but only after acid or base hydrolysis. The failure to remove the acid by organic solvents suggests that it is firmly attached to other cellular components through a strong chemical linkage such as a covalent bond. Thus, the linkage of 18-hydroxylauric acid in N. gonorrhoeae and N. meningitidis may be similar to that of (3-hydroxy acids found in other bacteria (1, 8) . For example, in Escherichia coli, 13-hydroxymyristic acid has been reported to be linked through amide linkages to hexosamine components of "lipid A" from cellular lipopolysaccharides (5) .
The data presented show that the cellular fatty acid composition of N. gonorrhoeae and N. meningitidis is distinct from that of other bacteria. This distinction is manifested by the relative concentration of the five major acids of these two species and not from uniqueness ofthe fatty acids. Indeed, all of the major fatty acids found in these organisms have been ret3orted in various other bacteria. However, additional acids not detected in N. gonorrhoeae and N. meningitidis (i.e., cyclopropane) are often found in other bacteria (2) (3) (4) . Also, certain of the minor acids found in this study (15:0, 15:0-Br, 17:0, 17:0-Br) are often present as major components in other bacteria (2-4).
The relatively large amounts of ,B-hydroxylauric acid found in the cellular fatty acids of N. gonorrhoeae and N. meningitidis may prove to be a useful marker of these organisms. This acid has been found in other bacteria, but only in small amounts compared with relative concentrations of other fatty acids (2-4, 10) . In each of 41 isolates we tested, however, it was a major acid and comprised 20% or more of the total fatty acids. Since these isolates were obtained from a variety of sources at diverse geographical locations, it seems likely that the results are representative of other isolates distributed throughout the world.
